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(54) RARE-EARTH ELEMENT-IRON-BORON PERMANENT MAGNET AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare-earth element-Fe-B permanent magnet which is unisotropic 
and has high magnetic characteristics, and its manufacturing method. 

SOLUTION: An alloy having mixed texture is manufactured through the use of a strip casting method. In 
the mixed texture, rich alloy phase of Fe and/or Co and/or Fe and Co which densely contains one element 
from among Fe, Co, Fe alloy and Co alloy is made fine particles whose diameter is at most 1 fJt m. and 
dispersed and deposited in R2(Fe, Co)14B compound phase (R is at least one kind of rare-earth element 
containing Y). This alloy is mixed with an R-T alloy (T is Fe and/or Co), the melting point of which is lower 
than that of the above alloy and/or RT-B alloy and/or R-T-M-B alloy (M is at least one kind of element 
selected from among the elements of Al, Si, Ti. V. Cr. Ni, Cu, Zr, Nb, Mo, Hf, Ta. and W), ground, 
orientation-molded in magnetic field and sintered. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The rare earth elements, iron, and a boron system permanent magnet characterized by for a rich 
phase of an alloy of Fe which Fe. Co, Fe alloy, and Co alloy are [ any one ] deep, and is contained, Co, 
or/and Fe and Co serve as a particle with a particle size of 1 micrometer or less, and have the mixed 
organization which did the distributed deposit in the interior of an R2 (Fe, Co)14 B compound phase (one or 
more sorts of rare earth elements with which R contains Y). 

[Claim 2] R (one or more sorts of rare earth elements with which R contains Y) is six to 15 atom %, and 70 
to 92 atom % and Co The rare earth elements, iron, and a boron system permanent magnet according to 
claim 1 0.1 to 40 atom % and whose B are one to 10 atom %s. [ Fe ] 

[Claim 3] The rare earth elements, iron, and a boron system permanent magnet according to claim 1 or 2 
the direction of an easy axis of an R2 (Fe, Co)14 B compound phase (one or more sorts of rare earth 
elements with which R contains Y) carries out orientation, and is [ permanent magnet ] an anisotropic 
magnet. 

[Claim 4] The strip casting method is used. In an R2 (Fe, Co)14B compound phase (one or more sorts of 
rare earth elements with which R contains Y) An alloy which a rich phase of an alloy of Fe which Fe, Co, Fe 
alloy, and Co alloy are [ any one ] deep, and is contained, Co, or/and Fe and Co serves as a particle with a 
particle size of 1 micrometer or less, and has a mixed organization which did the distributed deposit is 
produced, this — a R-T alloy with the melting point lower than the alloy (T is Fe and/or Co), a R-T-B alloy 
(T is Fe and/or Co), or/and a R-T-M-B alloy (and/or, it Co(es) T — Fe — ) M is the manufacture method 
of of the rare earth elements, iron, and a boron system permanent magnet which is mixed with 1 or two 
elements or more which were chosen from aluminum. Si, Ti, V, Cr, nickel, Cu, Zr, Nb, Mo, Hf, Ta, or W, and 
is characterized by grinding, orientation in a magnetic field, and sintering. 

[Claim 5] A manufacture method of of a rare earth elements, iron, and a boron permanent magnet 
according to claim 4 that peripheral velocity of a roll is 40m/second or less more than 0.5 m / second in 
case the strip casting method is performed. 

[Claim 6] A manufacture method of of a rare earth elements, iron, and a boron permanent magnet 
according to claim 4 or 5 that cooling indoor ambient pressure is one or less atmospheric pressure in case 
the strip casting method is performed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to useful rare earth elements, iron 
and boron system permanent magnet, and its manufacture method in an electron and an electrical 
machinery and apparatus industrial field. 
[0002] 

[Description of the Prior Art] The permanent magnet which consists of R (R is the same one or more sorts 
of the rare earth elements containing Y and the following). Fe. Co. and B. and the rare earth magnet which 
uses Nd as a principal component especially as R are widely used in the field of an electron and electrical 
machinery and apparatus industry from the height of the magnetic properties. As a manufacturing method 
of rare earth magnet alloy powder, there are the dissolution grinding method and a direct reduction 
diffusion method. The former is the method of carrying out weighing capacity of it to a necessary 
presentation, melting and alloying the whole, using a metal as a raw material, grinding this, and making it 
into the alloy-powder end of necessary grain size. On the other hand, the latter is the method of using a 
rare earth oxide. Fe powder, a Fe-B alloy powder, etc. for a raw material, fully being mixed, after carrying 
out weighing capacity of this to a necessary presentation, and being heating these with reducing agents, 
such as calcium, performing the reduction reaction and diffusion reaction of an oxide simultaneously, and 
producing the end of an alloy powder. 

[0003] Although the dissolution grinding method has the advantage that the presentation of an alloy is 
easily controllable, it has defects, such as that an elevated temperature and severe ambient atmosphere 
control are required on the occasion of the dissolution, and using a rare earth metal expensive as a raw 
material. Moreover. Fe of a primary phase tends to deposit at the time of casting, and the rich phase of 
rare earth segregates simultaneously. A direct reduction diffusion method has using a comparatively cheap 
rare earth oxide as a raw material, not needing a not much high temperature, and the powdered alloy 
obtained, and although there are advantages, such as not needing the process of coarse grinding, in case 
control of an alloy presentation rinses the oxide produced by the unnecessary reducing agent or the 
reduction after a difficult thing and a reduction diffusion reaction, it has defects, like the oxygen density of 
an alloy goes up. Moreover, although the rich phase of rare earth is generated around the R2 Fe14B main 
phase on the principle of compound generation and a segregation becomes small compared with the 
dissolution grinding method, it is easy to oxidize simultaneously and becomes the cause of the variation in 
a magnet property. 

[0004] In order to raise the magnetic properties of rare earth, iron, and a boron system permanent magnet 
generally, it is a ferromagnetic layer in a permanent magnet, and it is effective to increase the rate of the 
R2 Fe14 B phase of the main phase, however, when a presentation is brought close to R2 Fe14B of the 
main phase by the aforementioned method, the primary phase in an alloy is big and rough — there is a 
problem that the segregation of Fe or a rare earth rich phase becomes large, and grinding becomes difficult 
simultaneously at the time of grinding. 

[0005] Two alloying methods are mentioned as a method of improving this. This is the method of making 
the alloy of the portion which is mainly a ferromagnetic phase in a rare earth permanent magnet, and is set 
to R2 Fe14B of the main phase, and the alloy used as the rare earth rich phase which sintering is promoted 



[ phase ]. and the main phase front face is cleaned [ phase ] simultaneously, and increases coercive force 
independently and sintering [ mix. pulverize and ]. however, into the alloy which serves as the main phase in 
this method, a primary phase is big and rough — since the segregation of Fe becomes easy to happen, it 
heat-treats at a suitable temperature and it is necessary to homogenize an alloy. 

[0006] In order to prevent a deposit and big-and-rough-izing of Fe of big-and-rough-izing of the crystal 
grain which is the defect of the dissolution grinding method, and a primary phase, there is the strip casting 
method for using a single roll or a congruence roll and quenching the molten metal of an alloy. By this 
method, by adjusting suitably the rotational frequency of the roll in the case of cooling, the amount of 
blowouts of molten metal, and cooling indoor ambient pressure, the cooling rate of molten metal can be 
changed, the big and rough primary phase Fe can be lost by that cause, and the thin band of the alloy 
which has main phase R2 Fe14B of the homogeneous and suitable diameter of crystal grain simultaneously 
can be obtained. 

[0007] On the other hand, there is the melt span method in the manufacturing method of an isotropic 
magnet. Although this is the strip casting method and a method of quenching the molten metal of an alloy 
using a single roll or a congruence roll similarly, a cooling rate's being amorphous very early or the thin 
band of the alloy of a microcrystal is obtained. If a thin band is heat-treated on suitable conditions, the R2 
Fe14 B phase of the main phase will carry out crystal growth, it will come to have coercive force, and an 
isotropic permanent magnet will be obtained. 

[0008] Moreover, the composite material of hard phases, such as Nd2 Fe14 B/Fe and Nd2 Fe14 B/Fe3 B. 
and a software phase was produced by this method recently. With both these magnets, the hard phase and 
software phase of a nano-scale are intermingled in an alloy, switched connection is carried out 
magnetically, and the demagnetization curve as if it was a single hard phase is obtained. In the 
demagnetization curve, these are called the exchange spring magnet in order to show the unique behavior 
in which magnetization carries out springback reversibly to change of an external magnetic field. 
[0009] 

[Problem(s) to be Solved by the Invention] In current, the thing of SOMGOe for which BHmax =64MGOe of 
a theoretical limit is pressed is also going to be mass-produced as a result of amelioration with various 
anisotropy sintered magnets. However, since low R2 Fe14B of saturation magnetization is made into the 
main phase compared with Fe etc., the improvement of magnetic properties has also been approaching the 
limit. On the other hand, since the exchange spring magnet also contains a phase like high Fe and Fe3 B of 
saturation magnetization besides the R2 Fe14 B phase, potential magnetic properties are high, but since 
the alloy produced by the melt span method is heat-treated and it is manufactured, the R2 Fe14 B phase 
has turned to the direction where an easy axis is scattering with isotropy. it is therefore, like a sintered 
magnet — it is different direction-like and the high thing of magnetic properties is not obtained. This 
invention offers a technical problem high rare earth elements, iron and boron permanent magnet, and the 
manufacture method of different direction-magnetic properties. 
[0010] 

[Means for Solving the Problem] this invention persons completed this invention, as a result of considering 
and examining various methods, in order to obtain an exchange spring magnet of an anisotropy. This 
invention inside an R2 (Fe. Co)14 B compound phase Namely. Fe, the rare earth elements, iron, and a boron 
system permanent magnet characterized by for a rich phase of an alloy of Fe which Co, Fe alloy, and Co 
alloy are [ any one ] deep, and is contained, Co, or/and Fe and Co serving as a particle with a particle size 
of 1 micrometer or less, and having the mixed organization which did the distributed deposit — and The 
strip casting method is used. In an R2 (Fe, Co)14 B compound phase An alloy which a rich phase of an alloy 
of Fe which Fe. Co. Fe alloy, and Co alloy are [ any one or more ] deep, and is contained, Co. or/and Fe 
and Co serves as a particle with a particle size of 1 micrometer or less, and has a mixed organization which 
did the distributed deposit is produced, it — a R-T alloy with the melting point lower than the alloy (and/or, 
it Co(es) T — Fe — ) below the same — or/and, a R-T-B alloy or/and a R-T-M-B alloy (1 or two 
elements or more with which M was chosen from aluminum. Si, Ti. V, Cr. nickel, Cu, Zr, Nb, Mo. Hf, Ta, or W 
— ) Below, it mixes and they are being the same, and grinding, orientation in a magnetic field and a thing 



that makes a summary a manufacture method of of the rare earth elements, iron, and a boron system 

permanent magnet characterized by sintering. 

[0011] 

[Embodiment of the Invention] The permanent magnet of this invention makes the main phase alloy which 
has the R214(Fe. Co) B compound phase which is the particle size of 2-10 micrometers dotted with the 
software phase of a nano-scale by a suitable presentation and the strip casting method of conditions, 
mixes this with the assistant alloy which contains a rare earth rich phase with the low melting point, and 
are grinding and a thing which orientation[ in a magnetic field ]-fabricates, sinters and is manufactured, the 
feature of this invention — ** — it is the strip cast method using the alloy of a suitable presentation, and 
quenching conditions, and the thin band alloy with which the rich phase of Fe in which Fe, Co, Fe alloy, and 
Co alloy are contain 90% of the weight or more, or/and the rich phase (it is call a T' rich phase below) of 
Co serve as a particle of a nano-scale, and consists of an R214(Fe. Co) B compound phase with a particle 
size of 2-10 micrometers which distributes inside minutely and exists in it be obtain. 

** The obtained thin band alloy is used as the main phase alloy, and the sintered magnet of an anisotropy 
is obtained more in this by the assistant alloy of the low melting point, mixing, grinding, and two so-called 
alloying methods that orientation[ in a magnetic field ]-fabricate and are sintered. 

** Simultaneously, when a thin band alloy contains the software phase of a nano-scale in a hard phase, the 
high hard magnetism phase of coercive force and a T rich phase with elasticity magnetism carry out 
switched connection, and realize anisotropy rare earth elements, iron, and a boron system permanent 
magnet alloy with high saturation magnetization, maintaining the coercive force which a hard magnetism 
phase has. 

[0012] Below, this is explained further in full detail. First, it melts beforehand and the main phase alloy is 
produced. R makes the presentation of an alloy five to 14 atom %. When main phase R214(Fe, Co) B for 
maintaining coercive force if R is under pentatomic % runs short and 14 atom % is exceeded, the rate of 
main phase R214(Fe, Co) B increases, and a T rich phase stops already depositing. B is taken as three to 
20 atom %. If the deposit of a detailed T rich phase will stop being able to happen easily, and it will become 
a big and rough sludge, if B is under 3 atom %, and 20 atom % is exceeded, a paramagnetism phase will 
deposit and coercive force will be reduced. Fe or/and Co are taken as 65 to 93 atom %. Although the rate 
of the T' rich phase in main phase R214(Fe. Co) B will become large and will enlarge the saturation 
magnetization of a permanent magnet if the deposit of a paramagnetism phase will increase, coercive force 
will be reduced, if this is under 65 atom %. and 93 atom % is exceeded, the melting point of an alloy is got 
and it becomes a big and rough sludge simultaneously. 

[0013] Subsequently, the molten metal of the produced main phase alloy is quenched by the strip casting 
method by the single rolling method or the congruence rolling method, and a thin band is produced. 
Peripheral velocity of a roll is carried out in 0.5-40m/second. Switched connection of the big and rough 
software phase which the cooling rate was lacking when peripheral velocity was under 0.5 m / second, the 
T' rich phase of a nano-scale did not deposit, but deposited as a big and rough primary phase, and 
deposited in this way is not carried out to a hard phase any longer. On the other hand, if peripheral velocity 
exceeds a second in 40m /, although a detailed software phase deposits, even if it cannot grind it so that 
the diameter of crystal grain of the R2 14 (Fe, Co) B phase which is a hard phase may also become small 
and may become a single domain at a next grinding process, but it carries out orientation shaping in a 
magnetic field, it will not serve as an anisotropic magnet. 

[0014] An assistant alloy is melted. As an assistant alloy, what has the melting point lower than the main 
phase alloy is good, and considers as a R-T alloy, a R-T-B alloy, or/and a R-T-M-B alloy. The melting 
point becomes high, so that in [ any ] an assistant alloy, as for the melting point, it becomes low. so that 
the content of R becomes large, and the content of T becomes large. If B has many additions, a 
paramagnetism phase will deposit and it will drop magnetic properties. Although M makes the coercive 
force of the sintered permanent magnet increase, saturation magnetization is decreased, in order to make 
the element and alloy in the main phase and to reduce the rate of main phase R214(Fe. Co) B. if it puts in 
too much, therefore — a R-T alloy — R — 12 to 80 atom %, Remainder T, and a R-T-B alloy — R — 



below 10 atom %. with Remainder T and a R-T-M-B alloy, R uses M to 12 to 80 atom % below 10 atom %. 
and B uses 12 to 80 atom %. and B as Remainder T below pentatomic %. In order to use the cast alloy as it 
is and to obtain a uniform alloy with more few segregations, the strip casting method is used for an 
assistant alloy, and it is good also as a quenching thin band. 

[0015] Subsequently, the main phase alloy and an assistant alloy are ground. Grinding is performed in inert 
atmospheres, such as N2 and Ar. You may make it easy to grind by performing a hydrogen treating and 
dehydrogenation processing beforehand, when a presentation is hard to grind these alloys. Hydrogenation 
conditions are 0-50 degrees C and H2. It is 1.5 to ** 3 atmospheric pressure, and 0.5 - 10 hours, and 
dehydrogenation conditions are 0.5 - 10 hours among 200 - 600 ** and a vacuum. Coarse grinding of the 
main phase alloy and the assistant alloy is first carried out using a jaw crasher etc. The main phase alloy 
and assistant alloy which carried out coarse grinding are mixed to a predetermined presentation. At this 
time. 70 to 92 atom % and Co It mixes so that 0.1 to 40 atom % and B may set it one to 10 atom % and the 
remainder may be set to M. [ a presentation ] [ R ] [ six to 15 atom %, and Fe ] each component of a 
presentation — this — if out of range, sintering is not fully performed, or residual magnetization is dropped. 
A mixed alloy is pulverized with a ball mill, a jet mill, etc. The R2 14 (Fe, Co) B phase in the main phase 
alloy grinds a mixed alloy in the range of 1-10 micrometers of the particle size used as a single domain. 
[0016] Next, orientation shaping in a magnetic field of the pulverized mixed alloy is carried out. The 
conditions of orientation shaping in a magnetic field are a magnetic field 5 - 15kOe, and compacting 
pressure 300 - 2,000 kgf/cm2. It is desirable. 

[0017] Subsequently, the green compact which carried out orientation shaping in a magnetic field is 
sintered. Sintering conditions are made into the sintering temperature 1,050 - 1,200 ** in inert 
atmospheres, such as N2 and Ar, or a vacuum. If sintering temperature is under 1,050 **, the density of a 
sintered compact will not go up enough, but if coercive force is also low and exceeds 1,200 ** 
simultaneously, R2 14 (Fe, Co) B phase will carry out grain growth greatly, and coercive force will fall. 
[0018] 

[Example] Next, although an example is given and the gestalt of operation of this invention is explained 
concretely, this invention is not limited to these. 

(Examples 1-3) The alloy was beforehand produced with the RF fusion furnace so that it might become the 
presentation of a table 1. This alloy was put into the quartz tube which has a with a width-of-face length 
[ 35mm length of 1mm ] slit, and carried out high-frequency heating about 1kg at a time to ejection and a 
pars basilaris ossis occipitalis, respectively. Heating was performed in Ar ambient atmosphere of pressure 
26cmHg. In the place where the temperature of molten metal became 1,350 **, pressurized the surface of 
hot water by Ar gas, the copper roll side currently rotated with the roll peripheral velocity of lOm/second 
was made to spout molten metal from a height of 2mm, and the quenching thin band was produced. The 
produced thin band is to the interior of Nd2 Fe14 B phase with a particle size of 2-5 micrometers, when it 
is width of face of 10-1 5mm, and 50 to 100 micrometer thickness and being observed by EPMA. It had the 
organization where the detailed T' rich phase of 0.5 micrometers or less deposits. Hydrogenation and 
dehydrogenation processing were performed on this thin band. Performing hydrogenation conditions in 20 
degrees C, hydrogen pressure 2 atmospheric pressure, and 2 hours, dehydrogenation conditions are 4 
hours among 500 ** and a vacuum. A jaw crasher and BURAUMMIRU are used for this thin band, and it is 
mean particle diameter 500. It considered as the main phase alloy-powder end of mum. Subsequently, 
mixed fusion of the element of the presentation shown in a table 2 is carried out at the rate of a table, an 
assistant alloy is produced, a jaw crasher and BURAUMMIRU are used, and it is mean particle diameter 400 
about this. Coarse grinding was carried out to mum and the end of an assistant alloy powder was produced. 
After mixing 88% of the weight in the end of the main phase alloy powder, using V blender as the end of a 
remainder assistant alloy powder, this was pulverized in mean particle diameter of 3 micrometers using the 
jet mill. It is the powder pulverized and obtained Magnetic field lOkOe and compacting pressure 500 
kgf/cm2 Orientation shaping in a magnetic field was carried out. The green compact fabricated and 
obtained was sintered by 1,120 ** in the vacuum for 2 hours, and the anisotropy permanent magnet was 
obtained. The magnetic properties of the obtained magnet are shown in a table 3. 



[0019] 



[A table 1] 




Nd 


Fe 


Co 


B 




1 


10.5 


83 


1 


5.5 




2 


9 


84 


1 


6 




3 


8.5 


83.5 


1 


7 



[0020] 
:A table 2] 



7xM 


Nd 


Dy 


Fe 


Co 


B 


Cu 


Al 




45 


13 


15 


23 


1 


2 


1 



[0021] 



;A table 3] 




^mt) (kOe) 


(kG) 




1 


3.1 


13.1 


nmm 


2 


2.5 


13.5 




3 


2.9 


13.2 



[0022] (Examples 1-3 of a comparison) The example 3 of a comparison of an example 2 carried out the RF 
dissolution, as the example 2 of a comparison of an example 1 became the same with the presentation of 
the table 1 of an example 3, respectively, the example 1 of a comparison cast the alloy presentation, and 
the alloy of the examples 1-3 of a comparison was produced. When these alloys were measured by EPMA, 
it is mean particle diameter 100. It is mean particle diameter 200 in the Nd2 Fe14 B phase of mum. It had 
the organization where the T rich phase of mum deposits. Coarse grinding of the alloy was carried out 
using a jaw crasher and BURAUMMIRU like the example. The sintered magnet was produced like the 
example using this end of an alloy powder. The magnetic properties of these magnets are shown in a table 
4. 

[0023] 



!A table 4] 




«sayj (koe) 


^mit (kG) 




1 


0.2 


6.5 


it mm 


2 


0.1 


5.5 




3 


0.2 


6.3 



[0024] 

[Effect of the Invention] According to this invention, rare earth elements, iron, and a boron system 
anisotropy permanent magnet alloy with high saturation magnetization can be obtained, a hard phase and a 
software phase carrying out switched connection inside a hard phase, and maintaining the coercive force of 
a hard phase inside, when the detailed software phase is distributing. 



[Translation done.] 
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- [0 0 0 3] 'j^n^wmit.. -&^©ffifi£5:SBtca«i-r 

bti»HmSiJffll:<>^S*$ns^:<t, Si^ibTiiSffiJS:^ 

"tl€rM*^<tbTfflVi^>c:t, ^^OigVija^^'i^Stb 
tb;^Vic:i^cofiJ.^7&^a5.5*J, -&^fflfiK©OT*^ilb 

#bTb^-5ct#o^«i.'SAiS^<. Sfc{b^!ia^fiK®M 
S±, R2 F e i4B±4ScDJlHtc^±^c[)U 

[0 0 0 4] -^tC^±« ■ ^ • 7t?P >J^*^1K5«® 

ibO^*|CDR2 F ei4Bta®t!l^S:it^-rc:i*^#S&T 
b*^b, But2©;&feT«, fflfiK5:^ffl©R2 Fe 
MBtifitJtt-Sa:, -g-^tfCD^OSOffil^F e^#±SU 

[0 0 0 5] ^:nsrK»Ts:^stbT, --g-^ffi*^^ 

S0*ffiCDR2 F ei4B tTS-SaJ^J-ra-g-^t, j^if^^ffi 
il b |5|R# 13 iffiSffi ^ ^ U - > b ^ Ji;*": ^? -a- 

ffiti^i-s^^ttt, i5]^(Dffi:'cF e(D^l^fT*^'®^:•^^-r 
<;^^^(7)T, ®a;^SST-,^J!Lab, -^^^^i^K^bbT 

[0 0 0 6] Jg^«&5^ffi©:)^.'STS^«g^BSL©ffi;^{b, 
?J]S©F e (D«ftB*3 J;D^ffi;*;{b?:B*lt-r^;t*{C, 

^^^^^:t75^-C#, ^ntCJ;Offi::>C/^£«0fBF eSr;^E< 
b, |W|B#(Cl^K-ejg^;&J5fB*!Lg®±ffiR2 Fei4B$r 

[0 0 0 7] --}5. m-l5m^^(^W&^X\t.. pC;H^7> 



!t*li¥11-186016 



(3) 

3 

[0 0 0 8] ajfi;i(D;&?4CJ;0Nd2 F e 14B 

/F.e. Nd2 Fei4B/Fe3 BIPCDA— h'fflt V7 

[0 0 0 9] 

S^WKJ^CDBHmax =64M 
GOelzm^s 50MGOe©t>(DfeS]g$nj;'5tbT 
Vil), F et£^\Ztt^X^mm<t<DiS:,\,^R2 F 20 

e i4B^^ffltbTliSfc*> ®m!tftt©35t#feK^{C 
i£-p*ViT^TV^^. 52M7>7^U>^m5(i, R2 

F e i4Bffi0ffit^fam©iS;ViF e^F 6 3 BOmfSi 

R2 F e i4Bffl«^:^14Ta'ft$Btt:<iVN'^A7« 
[0 0 10] 

R2(Fe, Co) 14 Bit'^^mP^WZ. Fe. Co\ F 
e^^, Co-&^Ol>m*U-:3Srjg<-^WT«.Fe^ 
fc«/*J;tXCo*;^c«/i5j;U:F e tc oO^^coU 

ffll-^T. R2(Fe, Co) 14 Bit^^^^\Z. Fe, C 

0, Fe^^, co'^^m^-rm^i-o&.±^m<'^^ 

T-5 F e ilXC o ^Tzit/H^Z/F etCo 

^^J;<9a.^O{£t>R-T^^ (T«F e:}3J;t;J/^:t 
ttCo, ^^c«/*5ckt>'R-T-B^^^fc 
tt/43j;0*R-T-M-B^^ (MttA 1 , S i. T 

1, V, Cr, Ni, Cu, Zr, Nb. Mo, Hf, 



4 

® it S ^ S g <!: -r -5 ® T * -5 . 
[0011] 

0k^(D7.Y^}v-f^^7.7-'<y^m\Ziiri^ -TJT.^- 
)V(D'jy Yi^t^^M-t^n^2^\^tim(DRi (Fe, 

Co) i4B^i:-&i|^ffi^=bo±^a^^^fpi9, j:n^(Si!i 
^i^bTiijt^nsfecDTfe^. ^^^^ 

X5^^'>i7'ffiT. Fe. Co, Fe-g-^. Co^^d^9 
oa»%t/.±'^^n^F e <DU >y^ffi*fctt/*3J;afC 

^5|SiFS2~10MmCDR2 (Fe, Co) i4B'ft;-&i^tB*^ 

(Dl5|B#ic, aE«^^^^:^y7.^^-;KDV7 hffi^yN-h- 
[0 0 12] &:r\z. :in^^^\zm-v^t^, s-r±*i 

^^S:^i6it^bTf^Sa-r-5. -^^ome^tt, R«5~ 
\Am.f-%tt^. R*S51ST%*«fci, ■Sfi8:^<£«Ht 
-rSfci6(D^ffiR2 (Fe, Co) nBTi^^Sb. 14 
I^^^%€rSA-5t> ±ffiR2 (Fe, Co) i4B®SiJ-g- 
yi^li;^, %)tt^T* 'J >;/?^ffl75JWtBb75:<;5:S. Btt3 
~20M^%<fr?>. B*t3M^%*?t;^ct«:^T' U 

i3> 2oiiT%^SA-5t'^<K-i4ffl:*5waib. umti^is. 

T^-a-^. Fe*fc«/':}3<i;D^Co«, 65~931g^%i: 
(Fe, Co) i4BcfCDT' U ■y^'fflrof'J^*^:^^ < ^ 

$>imm\zm.±^mtiimtfi^o 
[0 0 13] :^i:\.^-c^mLrz^m^^<Dmm=^mo-)v 

i/ffiCj;Om?^bT»^^f^®T^c n-)l(Dmmm. 
It. 0. 5 ~40m/g><!:-r§. mmmm. 5 m/8>*^iff 

i±j-&-r, a:^c;^t«!jrB<hbTwaibTbsi^ ^obxt^f 

lis b ;t ffi:^ V 7 h +g « ^) tt-^/N- K *B 1 3S^«g^ b 



4$li¥11-186016 



(4) 



«Wtb-r-5A^, A-h*ffiT*-5R2 (Fe, Co) 14B 

[0 0 14] mi-^^^mmr^, mm-^^t\.x\t. 

O^R - T- B ^ J; y^R - T - M - B 

^i^K). ±mR2 (Fe, Co) uB^fJ^Sri^^Tfe 

Rai2~801S^^%, ^SPT, R-T-B^^TttRttl2' 
~80M^^%, BttlOM^^%eAT, ^SBT, R-T-M- 
B^^TttRttl2~80ST%, BttlO®^%£^T, Mtt 
511^%£;IT, aaSTt-r^. lt^J^^«, »jgLfc^ 

[0 0 15] ;^i:ViT±ffi^^:feJ;y^g!]iSI^#$r*»«!=-r 

Tt)J;li, **{k^^t^«, O~50'C, H2 ffl. 5 

EE, 0.5 ~10P#Pb1T, ffiZ*m<b^fr«, 200 ~600 t:.. 

0.5 -lo^WT-afe^o s-r±+a^^*3cti);'g!)^j 

^„ ;^CDi:#ffifiK;^^, R*i6 ~15I^^ F e :^n0~92 
Co*^ 0. 1~40M^%, B;0n~10l^^%, 

ir\.-x:\mmA^+i^\zf7i^ny3:fi^^ tz 0 , m^m^t^mt 

eS»l^-r^. M^^^«3Effi-&^4'©R2 (Fe. C 
o) i4Bffi*S¥mEt;^-5^Sig©l~10MmCD|5fflt)|i» 

[0 0 16] 'A\zmnw\^rzM'^'^^^mm^'mf^^i^ 

fS. m^-fEfBlfiKJ^co^fr^, m*5~15kOe, ^*4o 



m&mm ~2. 000 kg f/cm2 AWibli, 

[0 0 17] 'A^^-cm^^ma^^Mvrz&ni^^m^t 
fiSiS^^t^ti, N2 , Arm<D^fs^nm^^^rzit 
M^fpr'. ^i^s^i. 050 -1,200 x:t-r^o ^muA 
3jq, 050 x:^mrzt. mfi^^(Dmmi}-^+»±A^^'rs m 
m\z^mti'bi&<. 12m "c^m^^t. r2 (Fe. 
Co) uBmi}^:k^<m.$^&v. ^mm^T^)^^. 

[0018] 

■ mmm] 'M^z:$imm(Dmm<Dmm=^^mm^mnTm' 
mmmpizx'^^i^mvrz. ^KD^^^tn^en. mi 

HgCDA rS:Ha*TfTO/t„ 350 "Ct^ 

•orztZ.^X\ mW^Ar:»XizXK)m&l'X. a-)U 
iMjiSlOm/^tTIuebTVi-SfflD— 2 mmCDS 

^*^e.jt^<&'«m$-y:T, -%i^»^^f^ffi[bfeo f^ssb 

i|110~15iiiiii, J1^50~ mumX&'O. EP 
MATli^bfct::5. &S2~5 Atm©Nd2 F e 14 

Ti'i?)ii5l^^*bTi^;'5:o JK*S<b 

rsiTfrv^, KA^mit^mt. 500 x^tf", 4ii#PpTz? 

fflV^T, ¥i5«ig500 ULnKD^m-^^m^tLTz, ^^1^ 
T« 2 (C^Tafi£©7n^<£«CDf!l^tc:?g^J§abTa)^ 

ViTZ:n<&¥l^iiag400 umlra!|!&J^ba)SJ^^«&*<£ 



xmz&M^mmiOkOe. ^J^JE:^j500 k g f /cm 
2 Tm«<fElS]fi£Jgbfco fiKJ^bT»5>nfcffi©^^J^R 
120 'CT2BtrBlg!ii^bT, 

[0 0 19] 
[SI] 





Nd 


Fe 


Co 


B 




1 


10.5 


83 


1 


5.5 


mmm 


2 


9 


84 


1 


6 




3 


8.5 


83.5 


1 


7 



[0 0 2 0] 
[S2] 



(5) 





Nd 


Dy 


Fe 


Co 


B 


Cu 


Al 




45 


13 


15 


23 


1 


2 


1 



[0 0 2 1] 
[«3] 





(kOe) 


mmt (kG> 




1 


3.1 


13. 1 




2 


.. .2.5 


13,5 




3 


2.9 


13.2 



[0 0 2 2] (it^m 1 ~ 3 ) ^^m^^it^m i «ii 

mG5Nd2 F e i4Bffii t=fc[C¥l^ja@200 /^mCDT' 



[0 0 2 3] 
[S4] 





^SSrni (kOe) 


(kG) 


it KM 


1 


0.2 


6.5 


2 


0.1 


5.5 


3 


0.2 


6.3 



[0 0 2 4] 



7 h4a;*s32^^^bT> /\-}^^<D^mti^m^i^-^t^ 



(72)%?^* {72) mm^ mmt^ «x 



